A survey of poliovirus in river and sewage water was conducted from October 1993 to September 1995 in Toyama Prefecture, Japan. In this study, 25 isolates differentiated as type 2 vaccinederived polioviruses (VDPVs) were characterized using mutant analysis by PCR and restrictionenzyme cleavage (MAPREC) to estimate the ratio of 481-G revertants correlated to neurovirulence in a virus population. Of these isolates, 23 (92 %) comprised between 44 and 96 % 481-G revertants by MAPREC. The other two isolates had revertant percentages close to the 0n6 % of the attenuated reference strain. It was presumed that these 23 isolates would be variant with potential neurovirulence by MAPREC analysis. Of the 23 isolates, three were isolated from river water. Moreover, our results by MAPREC showed that type 2 poliovirus was phenotypically more variable than type 1 (69 %) or type 3 (55 %), as determined in previous studies. The prevalence of virulenttype VDPVs in river and sewage water suggested that the oral poliovaccine itself had led to wide environmental pollution in nature. To terminate the cycle of virus transmission in nature, the ecology of VDPVs should be studied further. A hygiene programme, inactivated poliovirus vaccine immunization and well-maintained herd immunity may play key roles in reducing the potential risk of infection by virulent VDPVs.
Introduction
Although it is known that poliovirus exists widely in nature, in soil, sewage, wastewater, drinking water and food such as shellfish, there is very little evidence to connect it directly with an outbreak of poliomyelitis (Jaykus, 1997 ; Metcalf et al., 1979 ; Goyal et al., 1979) . Because most cases of infection by poliovirus are not apparent, it is not until secondary, person-to-person spread leads to the onset of poliomyelitis that the infection is recognized. Therefore, it is difficult to address the risk of infection from the environment (Metcalf et al., 1995) .
The polio eradication program is close to the final stage of replacing wild-type poliovirus in the population with vaccinetype by mass live oral poliovaccine (OPV) immunization. After the termination of OPV in the near future, the possibility of an outbreak caused by vaccine-derived poliovirus (VDPV) must Author for correspondence : Hiromu Yoshida.
Fax j81 42 561 4729. e-mail hyoshida!nih.go.jp be considered, since it has been shown in many studies that nucleotide substitution in the virus genome occurs gradually during replication in the human gut after OPV administration and the phenotype of excreted viruses changes from attenuated to virulent (Abraham et al., 1993 ; Dunn et al., 1990 ; Japan Live Poliovaccine Research Commission, 1967 ; Benyesh-Melnick et al., 1967 ; Guillot et al., 1994 ; Wood & Macadam, 1997) . It is therefore difficult to distinguish whether vaccine-associated paralytic poliomyelitis (VAPP) cases are recipient VAPP or contact VAPP by sequencing the genome of excreted virus.
On the other hand, environmental surveillance is still epidemiologically important for the following reasons : (i) the results of virus surveillance retrospectively reflect the properties of virus circulating in the community (Divizia et al., 1999 ; Shulman et al., 2000 ; Tambini et al., 1993 ; Po$ yry et al., 1988 ; van der Avoort et al., 1995) and (ii) it assesses the potential risk of infection from the environment and food (Jaykus, 1997 ; Richards, 1999 ; Haas, 1983 ; Haas & Heller, 1988 ; Haas et al., 1993) . In Toyama, Japan, routine OPV immunization has been administered annually in May and October. We have shown in previous studies that VDPVs were isolated from sewage and river waters within approximately 3 months after OPV and then, in type 1 and 3 viruses, not only did genetic mutation occur with less than 1n4 % nucleotide divergence from the vaccine strain, but neurovirulence also increased in some of the isolates, as indicated by mutant analysis by PCR and restriction-enzyme cleavage (MAPREC) and neurovirulence tests with transgenic mice (Matsuura et al., 2000 ; Yoshida et al., 2000 ; Horie et al., 2002) . This means that it would be possible to detect phenotypically changed vaccine strains circulating in the population retrospectively through environment surveillance provided by the MAPREC assessment.
Neurovirulence increased to varying degrees when the following changes took place in base positions of the viruses : in the case of type 1 viruses, positions 480 and 525 in the 5h non-coding region changed respectively from G to A and from U to C ; for type 2, position 481 changed from A to G ; and for type 3, position 472 changed from U to C (Kawamura et al., 1989 ; Pollard et al., 1989 ; Evans et al., 1985) . Chumakov et al. (1991 Chumakov et al. ( , 1994 developed the MAPREC method to estimate the ratio of revertants in a virus population that correlated with neurovirulence in monkey (Chumakov et al., 1991 (Chumakov et al., , 1994 Chumakov, 1999 ; Taffs et al., 1995 ; Rezapkin et al., 1994 Rezapkin et al., , 1999 . MAPREC is a very sensitive method of determining the ratio of revertants, so, in type 1 and type 2 viruses, the results of MAPREC are not always related to the monkey neurovirulence test (MNVT), but are still useful in monitoring poliovirus mutants (Chumakov, 1999 ; Rezapkin et al., 1999) . In this study, other type 2 strains were examined by MAPREC. Moreover, we report on the ecology of polioviruses in the environment, given the previous data on type 1 and type 3 viruses (Yoshida et al., 2000 ; Horie et al., 2002) .
Methods
Virus isolation from sewage and river water. From October 1993 to September 1995, samples were collected twice monthly at a sewage plant and river-monitoring points. The collected water was concentrated by using the method described by Matsuura et al. (1984) . Each concentrated specimen was inoculated into a total of 30 tube cultures of rhabdomyosarcoma (RD), primary monkey kidney (MK) or Vero cells and incubated at 36 mC (Matsuura et al., 1984) . Thirty-one isolates were identified as type 2 by polio pooled serum and differentiated intratypically as vaccine types (Yoshida et al., 1997) . The 25 available isolates were used for further study.
MAPREC. RNA purification, cDNA synthesis and PCR were performed as described by Taffs et al. (1995) . The primers used for PCR were pS2-465 (sense primer ; 5h %$"GCTACATAAGAGTCCTCCGGCC-CCTGAATGCGGCT%'& 3h) and pA2-483 (antisense primer ; 5h &#!CGC-GTTACGACAAGCCAGTCACTGGTTCGCGACCACGT%)$ 3h). The PCR product containing 481-G revertants was used for second-strand DNA synthesis using a $#P-labelled sense primer and digested with Bsp1286I. The proportion of 481-G revertants was calculated by measuring the radioactivity in c.p.m. of Bsp1286I-digested and undigested DNA strands, using the equation 100idigested DNA (c.p.m.)\[digested DNA (c.p.m.)jundigested DNA (c.p.m.)]. F207, which is a Sabin originalj2nd passaged strain (SOM-2) derived from the P712, ch, 2ab strain, was used as a reference strain for the attenuated phenotype and was compared with environmental strains. As for type 1 and 3 polioviruses, previously reported MAPREC results were used, and data for attenuated reference strains F113 for type 1 and F313 for type 3 were also referred to (Yoshida et al., 2000 ; Horie et al., 2002) .
Results and Discussion
Twenty-five type-2 polioviruses were isolated from sewage and river water within 3 months of routine OPV immunization (Fig. 1) , showing the properties of vaccine-derived strains (Matsuura et al., 2000) . The substitution ratio of position 481 in the 5h non-coding region of the virus genome was examined by using the MAPREC method, and 23 of 25 isolates (92 %) comprised between 44 and 96 % 481-G revertants by MAPREC (Fig. 2) . Three isolates from the river contained 92-96 % 481-G revertants. F207, as the attenuated reference strain, had 0n6 % 481-G. Only two isolates were close to F207 ; the other 23 had a higher rate than that for the attenuated F207 strain. Taffs et al. (1995) reported that the stipulated cut-off of the ratio of 481-G revertants for passing or failing of type-2 vaccine viruses by MNVT was approximately 4 %. Therefore, these 23 isolates were presumed to be variant with potential virulence. In type 1 virus, the stipulated cut-off value of 480-Aj525-C was approximately 5 % and, in type 3, the cut-off of 2) or 472-C (type 3) was the same as or less than for F113, F207 or F313 (attenuated reference strains). Data for type 1 and type 3 viruses were taken from previous studies (Yoshida et al., 2000 ; Horie et al., 2002) .
Vaccine-derived poliovirus Vaccine-derived poliovirus Fig. 2 . Contents of 480-Aj525-C for type 1, 481-G for type 2 and 472-C for type 3 revertants in strains isolated from sewage and river water. $, Content of 480-Aj525-C (type 1), 481-G (type 2) or 472-C (type 3) exceeded the stipulated cut-off values (approximately 5, 4 and 1 %, respectively) for passing of each serotype vaccine virus by MNVT. #, Content of 480-Aj525-C (type 1), 481-G (type 2) or 472-C (type 3) was the same as or less than F113, F207 and F313 (attenuated reference strains). =, Attenuated reference strains (F113, F207 and F313 for each serotype). Data for type 1 and type 3 viruses were reported in previous studies (Yoshida et al., 2000 ; Horie et al., 2002) . Chumakov, 1999 ; Rezapkin et al., 1994) . Therefore, in type 1 examined in a previous study as shown in Fig. 2 , 9 of 13 (69 %) isolates contained 83-94 % 480-Aj525-C by MAPREC and were presumed to be variant with potential virulence (Horie et al., 2002) . In type 3, 16 of 29 (55 %) isolates contained 2-91 % 472-C revertants (Fig. 2 ) (Yoshida et al., 2000) . Accordingly, the ratios of variant\total isolates were respectively 69, 92 and 55 % in types 1, 2 and 3.
472-C was approximately 1 % (
The results of our analysis of environmental strains by MAPREC showed that the ratio of revertants increased in 55-92 % of isolates in each serotype, compared with the attenuated reference virus. Of the three serotypes, type 2 virus had the highest rate of mutation. As all samples from environmental sources examined were highly concentrated, the risk of infection by these isolates would be very small. However, the risk-assessment study by Haas and co-workers showed that the longer the term of exposure to water contaminated by enteroviruses, the higher the potential infection risk (Haas et al., 1993 ; Haas & Heller, 1988 ; Haas, 1983) . Although it is very rare in industrialized countries to have direct access to wastewater contaminated by viruses, this is not always the case in developing countries, which may have poor sewage and drinking water systems. Therefore, a riskassessment study for virulent-type VDPVs would be epidemiologically important.
In agreement with our results, type 2 virus has been shown in other studies to have the highest rate of phenotypic mutation of the three serotypes by the T-marker test (Matyasova & Koza, 1982 . Generally, type 2 poliovirus has a higher rate of seroconversion after OPV administration than types 1 and 3, as a result of interference with the growth of types 1 and 3. Selection in the human gut might lead to high proportion of revertants in type 2.
It has been shown that isolates in the environment are genetically and epidemiologically related to those circulating in the community (Divizia et al., 1999 ; Shulman et al., 2000 ; Tambini et al., 1993 ; Po$ yry et al., 1988 ; van der Avoort et al., 1995 ; Slater et al., 1990 ; Brancroft et al., 1957) . Therefore, the properties of isolates from sewage and river water would reflect those of viruses excreted from humans after OPV immunization, and, for susceptible individuals, VDPVs, which are a source of virulence, have the potential to be causative agents of poliomyelitis. As long as immunization coverage is maintained, OPV or inactivated poliovaccine will be effective in protecting against poliomyelitis caused by these VDPVs. The important point is that VDPVs in each serotype could be considered as potential causative agents of poliomyelitis, and might be spread widely in the community through contact infection, unapparent for susceptible individuals. The survey of seroconversion in the community would be useful to predict the risk of transmission of virulent-type VDPVs.
OPV immunization has contributed greatly to the poliomyelitis eradication programme. However, when the circulation of wild strains seems to have been interrupted, it is necessary to consider the possibility of the circulation of VDPVs. It has been reported that outbreaks of poliomyelitis caused by type 2 VDPV in Egypt and by type 1 in Haiti and the Dominican Republic have occurred in 2000 (Centers for Disease Control and Prevention, 2000, 2001) . Environmental virus surveillance is important in considering the potential risk towards the worldwide poliomyelitis eradication programme in its final stages.
